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III. Amendments to the Claims . 

1. (Currently Amended) A memory controller connected to a semiconductor memory device, 
comprising: 

5 a clock generating circuit that generates an output clock signal; 

a data generating circuit that provides output digital data; 
a predetermined number "m" data output terminals that provide output 
data to the semiconductor memory device in parallel; 

m output holding circuits for storing the output digital data synchronously 
1 0 with the output clock signal; 

a predetermined number "n" signal output terminals that provide output 
strobe signals to the semiconductor memory device in synchronism with the 
output data, where n < m; and 

a plurality of output delay circuits including one output delay circuit for 
15 every ct p" signal output terminals), where p is an integer greater than zero, each 

output delay circuit delaying the output clock signal by a predetermined amount to 
transmit an output strobe signal to the corresponding p signal output terminal(s); 

a circuit core region in which the clock genera ting circuit and data 
generating circuit are formed: and 
20 an interface region surrounding the circuit core region in which the 

data output terminals, output holding circuits, signal output terminals* and 
output delay circuits are formed: wherein 

each m output holding circuit is phy s ically a djacent to a corresponding 
one of the m data output terminals in a first direction between the 
25 correspon ding data output terminal and the circuit core region : and 

thean output of each output delay circuit is adjacent to the corresponding 
p signal output terminate) in the first direction between the corresponding 
signal output terminal and the circuit core region . 

2. (Currently Amended) The memory controller of claim 1, wherein: 
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the m output data output terminals and n signal output terminals are 
ftieaffy-au'gned with one anothe r in a second direction; 

the m holding circuits are imeadj-aligned with one anothe r in the second 
direction: and 

5 the plurality of output delay circuits are taeariy-aligned with one another 

in the second direction between them holding circuits and the aMgned-m data 
output terminals and a signal output terminals. 

3. (Original) The memory controller of claim 1, wherein: 

the value p is greater than one, and the value n is a multiple of p. 

10 4. (Original) The memory controller of claim 1 , wherein: 

value of p is selected from the group consisting of one and two. 

5. (Original) The memory controller of claim 1, wherein: 
the value ofp is one. 

15 6. (Original) The memory controller of claim 1, wherein: 
the value of p is two; and 

each of the plurality of output delay circuits has an output terminal 
arranged equidistant from the corresponding two signal output terminals. 



20 



7. (Previously Presented) The memory controller of claim 1, further including: 
a plurality of data input teiminals that receive input data from the 
semiconductor memory device; 

a signal input terminal for every "q» data input terminals, where "q" is 
an integer greater than 2, each signal input terminal receiving an device input 
clock signal from the semiconductor memory device in synchronism with the 
25 input data; 
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an input delay circuit corresponding to each signal input terminal that 
delays a received device input clock from the semiconductor memory device 
signal by a predetermined amount to generate an input strobe signal, th egach 
input delay circuit s being arranged between the having a circuit input 
5 position that is aligned with the corre sponding signal input terminals In the 

first direction and a circuit outnnt posi tion that is offset in the second 
direction with respect to the correspondi ng signal input terminah* MttW 
where the input dcloy circuits output the input s trobe s ignals ; and 

an input holding circuit corresponding to each data input terminal, 
10 each group of q input holding circuits holding input data in synchronism with 

the input strobe signal from a corresponding input delay circuit; wherein 

the input data is transmitted to the data generating circuit through the 
data input terminals. 

8. (Currently Amended) The memory controller of claim 1, further including: 
1 5 a plurality of data input terminals that receive input data from the 

semiconductor memory device; 

a signal input terminal for every "q" data input terminals, where u q" is 
an integer greater than 2, each signal input terminal receiving a device input 
clock signal from the semiconductor memory device in synchronism with the 
20 input data; 

an input delay circuit corresponding to each signal input terminal that 
delays a received device input clock signal from the semiconductor memory 
device by a predetermined amount to generate an input strobe signal, the input 
delay circuits being arranged between the signal input terminals and positions 
25 where the input delay circuits output the input strobe signals; and 

an input holding circuit corresponding to each data input terminal, 
each group of q input holding circuits holding input data in synchronism with 
the input strobe signal from a corresponding input delay circuit; 
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a first wiring corresponding to each data input terminal that transmits 
digital data to a corresponding input holding circuit; and 

a second wiring corresponding to each input holding circuit that 
transmits the input strobe signal from a corresponding input delay circuit to 
5 the input holding circuit; wherein 

the first and second wiring corresponding to each input holding circuit 
being e s sentially equal in length. 

9. (Original) The memory controller of claim 1, wherein: 

the m data output terminals are also data input terminals that receive input 
10 data from the semiconductor memory device in parallel; and 

the n signal output terminals are also signal input terminals for receiving 
device input clock signals from the semiconductor memory device in synchronism 
with the input data. 



10. (Original) The memory controller of claim 1, wherein: 

the output holding circuits transmit output digital data synchronously with 
both a rising edge and a falling edge of the output clock signal. 

11- (Currently Amended) The memory controller of claim 1, further including: 
a plurality of data input terminals that receive input data from the 

semiconductor memory device; 

a signal input terminal for every "q" data input terminals, where "q" is 

an integer greater than 2, each signal input terminal receiving an device input 

clock signal from the semiconductor memory device in synchronism with the 

input data; and 

an input delay circuit corresponding to each signal input terminal that 
delays a received device input clock form the semiconductor memory device 
signal by a predetermined amount to generate an input strobe signal, flte each 
input delay circuit s being arranged between the having a circuit input 
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position that is aligned with the corre.snondin r sign a i inpu t terminal* in the 
first direction a nd a circuit output positio n that is oft** in the second 
d irection , with respect to the corresponding si ? »»i .np„, r ^ noi p^ j^,, 
w here the input delay circuita ou tp ut the input s t robe signals ; 

5 an input holding circuit corresponding to each data input terminal, 

each group of q input holding circuits holding input data in synchronism with 
the input strobe signal from a corresponding input delay circuit; wherein 

the input holding circuits transmit input data to the data generating circuit 
synchronously with both a rising edge and a falling edge of the corresponding 
1° input strobe signal. 

12. (Original) The memory controller of claim I , further including: 

the semiconductor memory device being coupled to the memory controller 
by the m data output terminals and the n signal output terminals. 

15 13. (Currently Amended) The memory controller of claim 1, further including: 

n circuit core region in which the clock generating circuit and data 
generating circuit arc formed; an d 

an interface region surrounding the circuit core region in which the 
data output tcim inn to, output holding circuita, oignal output terminals^ and 
20 output delay circuits arc formed; wherein 

each output holding circuit comprising a first latch circuit. 

14. (Currently Amended) The memory controller of claim 13, further including: 
the data output terminals are data input/output (I/O) terminals; 
the signal output terminals are signal I/O terminals; 
25 m in P ut holding circuits corresponding to the data I/O terminals 

formed in the interface region, each input holding circuit comprising a second 
latch circuit connected to a corresponding data I/O terminal by a first wiring, 
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the input holding circuits holding input data in synchronism with a 
corresponding input strobe signal; and 

an input delay circuit connected to each signal I/O terminal by a 
second wiring, each input delay circuit delaying a received device input clock 
5 from the semiconductor memory device signal by a predetermined amount to 

generate an input strobe signal, each input strobe signal being connected to a 
corresponding second latch circuit by a third wiring; wherein 

the length of the first wiring to each second latch circuit is essentially 
equal to the sum of the lengths of the second and third wirings corresponding to 
10 the same second latch circuit. 



IS. (Currently Amended) A memory controller connected to a semiconductor memory device, 
comprising: 

a predetermined number "m" data input terminals that receive input 
data from the semiconductor memory device; 

a predetermined number "n" signal input terminals, each signal input 
terminal receiving a device input clock signal from the semiconductor 
memory device in synchronism with the input data, where m > n; 

a data storing circuit for receiving digital data from the data input 
terminals; 

n input delay circuits that delay received device input clock signals 
from the semiconductor memory device by a predetermined amount to 
generate input strobe signals; 

m input holding circuits that hold the input data in synchronism with 
the input strobe signals generated by the input delay circuits; and 

m data input wirings, each data input wiring transmitting an input data 
value from one data input terminal to a corresponding input holding circuit; 
and 

m signal input wirings transmitting one input strobe signal from one 
input delay circuit to a corresponding input holding circuit; wherein 
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the data input wiring and signal input wiring for the same corresponding 
input holding circuit being essentially equal in length. 

16. (Original) The memory controller of claim 15, wherein: 

the input delay circuits are arranged between the signal input terminals and 
5 locations where the input delay circuits output the input strobe signals. 

17. (Original) The memory controller of claim 15, wherein: 

the input holding circuits transmit input data to the data generating circuit 
synchronously with both a rising edge and a falling edge of the corresponding 
input strobe signal. 

10 18. (Original) The memory controller of claim 1 5, further including: 

the semiconductor memory device being coupled to the memoiy controller 
by the m data input terminals and the n signal input terminals. 

19. (Original) The memory controller of claim 15, further including: 

a circuit core region in which the data storing circuit are formed; and 
1 5 311 interface region surrounding the circuit core region in which the data 

input terminals, input holding circuits, signal input terminals, input delay circuits, 
signal input wirings, and data input wirings are formed; wherein 
each input holding circuit comprising a first latch circuit. 

20 20. (Currently Amended) The memory controller of claim 15, further including: 

the m data input terminals and n signal input terminals are Maeariy-aligned 
with one anothe r in a first directign; and 

the m input holding circuits are tiaeariy-aligned with one anothe r in the 
first d i rection parallel to the data input terminals and signal input terminals. 



25 



21. (Original) The memory controller of claim 15, further including: 



Response to Office Action - Page 9 of 1 $ 

PAGE 10/19* RCVD AT 11/13/2006 4:29:18 PM [Eastern Standard Time] » SVR:USPTO-EFXRF-3/22 " DN1S:2738300 k CSID:14089770174 « DURATION (mm-ss):05-42 



Nov. 13. 2006 1:40PM Walker & Sako, LLP No. 2908 P. 11 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



10 



15 



a clock generating circuit that generates an output clock signal; 

a data generating circuit that provides output digital data; 

a pluraHty of data output terminals that that provide output data to the 
semiconductor memory device in parallel; 

a signal output terminal for every "q» data output terminals, where "q" 
is an integer greater than 2, each signal output terminal providing an output 
strobe signal to the semiconductor memory device in synchronism with the 
output data; 

an output delay circuit for every «p» signal output teiminal(s), where p is 
an integer greater than zero, each output delay circuit delaying the output clock 
signal by a predetermined amount to transmit an output strobe signal to the 
corresponding p signal output terminal(s); and 

an output holding circuit corresponding to each data output terminal, each 
group of q output holding circuits holding output data in synchronism with the 
output strobe signal from the corresponding output delay circuit 
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